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Human personality traits have a considerable genetic com-
ponent. Cloninger et al. were the first to postulate that certain
personality traits, such as novelty seeking, are related to the
dopamine neurotransmitter system. In this study, we investi-
gated the associations between dopamine receptor D4 (DRD4)
exon III and dopamine transporter (DAT1) polymorphisms and
personality traits. The DRD4 and DAT1 gene polymorphisms
were genotyped in 214 healthy Korean subjects, whose per-
sonality traits were assessed with the Temperament and
Character Inventory (TCI). There were no significant differ-
ences between scores of TCI temperament dimensions (novelty
seeking, harm avoidance, reward dependence, and persistence)
and DRD4 gene polymorphism. The DAT1 gene polymor-
phisms also showed no significant association with any of the
temperament subscales of the TCI. These data suggest that
DRD4 and DAT1 gene polymorphism may not associated with
personality traits in a Korean population.
Key Words: Dopamine receptor D4, dopamine transporter
gene, polymorphism, personality traits, temperament and
character inventory, Korean
INTRODUCTION
Human personality traits are influenced by both
genetic and environmental factors. Twin and
family studies have revealed that individual
variation of the heritable component may account
for 30-60% of the variance in personality traits.1
Cloninger2 suggested a psychobiological model of
the structure and the development of personality
that accounts for dimensions of both temperament
and character. Temperament is an automatic emo-
tional response which is moderately heritable and
stable throughout life. Character is understood as
a pattern of self-concepts related to the acceptance
of the individual self, acceptance of other people
and the acceptance of nature in general. It has
been suggested that the character traits are pri-
marily learned while the temperament traits are
more biological. According to Cloninger,2 among
the four dimensions of temperament, Novelty
Seeking (NS)-defined as the tendency to respond
actively to novel stimuli-is related to dopaminergic
activity. Harm Avoidance (HA) reflects a tendency
for an inhibitory response to adverse stimuli
leading to avoidance behavior, and is related to
the serotonergic system. Reward Dependence
(RD) is defined as the tendency for a positive
response to signals of reward and is hypothe-
tically associated with noradrenergic activity.
The dopamine receptor D4 (DRD4) belongs to
the D2 group of dopamine receptors and is pre-
dominantly expressed in a restricted set of
dopamine-rich limbic areas that are involved in
cognition and emotion. The human DRD4 gene,
which is located on chromosome 11p15.5, contains
a highly polymorphic sequence of a variable
number of tandem repeats (VNTR) spanning 48
base pairs (bp) in exon III. This polymorphism lies
in the third cytoplasmic loop of the receptor and
has been reported to exert modest effects on both
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ligand binding and receptor-mediated modulation
of intracellular cyclic AMP levels.3 Ebstein et al.4
reported an association between the seven re-
peated allele of the 48-bp VNTR in exon III of the
DRD4 gene and NS. Simultaneously, Benjamine et
al.5 reported an association between the same
DRD4 polymorphism and the excitement-seeking
item measured by the NEO PI-R (Revised NEO
Personality Inventory) questionnaire. Some fur-
ther studies have found a relation between the
long DRD4 VNTR allele and a higher NS score,6,7
while others have not found such an association.8,9
In addition to DRD4, the dopamine transporter
(DAT1) might also be a candidate gene for behav-
ioral traits. DAT1 plays a pivotal role in termi-
nating dopaminergic neurotransmission. Several
studies have found an association between DAT1
and attention-deficit hyperactivity disorder
(ADHD).10 A temperament trait hypothesized to
be associated with ADHD is NS, which involves
behaviors such as impulsivity and excitability.
Sabol et al.11 found an association between NS and
the DAT1 polymorphism, but other studies found
no such association.12
Taking these observations into account, the
present study examined whether DRD4 and DAT1
variants are related to personality traits in a
Korean population.
MATERIALS AND METHODS
Subjects
We recruited 214 unrelated subjects from
among the nurses, students, and volunteers at
Hallym University Sacred Heart Hospital and
Anyang Community Mental Health Center. The
subjects comprised 102 men and 112 women, all
were Korean, and they were aged 21-35 years. All
subjects provided written informed consent to
participate in the study after the aim and pro-
cedure of the study had been fully explained to
them. The study protocols were approved by the
ethics committees of Yongdong Severance Hos-
pital. All of the candidate participants underwent
a direct interview to exclude those with psy-
chiatric disorders.
Psychometric evaluation
In order to exclude subclinical anxiety and
depressive disorders, all of the subjects completed
the Korean version of the Beck Depression
Inventory (BDI) and the Beck Anxiety Inventory
(BAI). In accordance with the results of previous
studies, those individuals who scored more than
21 points on the BDI or 22 points on the BAI were
also excluded. The Korean version of the Tem-
perament and Character Inventory (TCI) was used
to assess personality traits.13 The TCI is a self-
rating instrument of yes/no answers designed to
evaluate four personality dimensions of tempera-
ment: NS, HA, RD, and Persistence (P); and three
character dimensions: Self-Directedness, Coopera-
tiveness, and Self-Transcendence.2 Whereas these
four temperament factors are thought to be
largely heritable and rooted in neurobiology, the
three character factors are assumed to be socio-
culturally determined and hence less likely to be
associated with specific genes.2 This study ex-
plored the possible association between genetic
polymorphisms and the four temperament factors;
the three character factors were not taken into
consideration.
DNA analyses
The subjects donated a blood sample by veni-
puncture, from which genomic DNA was ex-
tracted from blood lymphocytes using a Genomic
DNA Extraction kit (Bioneer, Daejeon, Korea). The
40-base pair DAT1 VNTR is located in the 3'
untranslated region of the gene, and was
genotyped as described by Sano et al.,14 but with
slight modification. The DAT1 site was amplified
by a polymerase chain reaction (PCR) using the
primers 5'- TGT GGT GTA GGG AAC GGC CTG
AG-3' and 5'-CTT CCT GGA GGT CAC GGC TCA
AGG-3'. The 48-bp repeat polymorphism (with 2-8
or 10 repeats) in exon III of the DRD4 was also
amplified by PCR described by Lichter et al.15
with oligonucleotide primiers 5'-AGG ACC CTC
ATG GCC TTG-3' and 5'-GCG ACT ACG TGG
TCT ACT CG-3'. PCR reactions contained 100 ng
genomic DNA; 10 pmol of each primer; 50 mM
KCl; 10 mM Tris-HCl, pH 8.3; 1.5 mM MgCl2;
0.01% gelatine; 200 uM of dATP, dCTP, and dTTP;
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100 uM of dGTP; 100 uM of 7-deazaGTP; and 1
unit of Taq polymerase (SolGent, Daejeon, Korea)
in a total volume of 25 uL. The genomic DNA was
denaturated in 10 uL sterilized water at 99 for
5 min prior to the addition of the other
components. Cycling conditions were 35 cycles at
95 for 30 sec, 63 for 30 sec, and 72 for 30
sec, followed by 10 min at 72 in PTC-100
thermal cycler (Bio-Rad Laboratories, Hercules,
CA, USA). Amplification products were resolved
by 3.5% agarose gel electrophoresis and were
visualized by staining with ethium bromide.
Fragment sizes were determined by comparison to
molecular length standards.
Statistical analysis
To control for the possible effect of age on TCI,
the differences in the TCI scores between geno-
types were tested after the inclusion of age as a
covariate in the analysis of covariance (ANCOVA).
Due to the four comparisons (NS, HA, RD, and
P) for each polymorphism, significance was stipu-
lated as p < 0.013 (i.e., 0.05/4). Statistical analyses
were performed using SPSS (version 11.0) soft-
ware for Windows.
RESULTS
The age of the subjects was 27.50 ± 6.13 (mean
± SD) years. For the DRD4 polymorphism, the
most prevalent allele was that with four repeats
(88.1%), followed by that with two repeats (9.8%),
whereas the five-repeats (1.4%), six-repeats (0.2%),
and seven-repeats (0.5%) alleles were extremely
rare. In accordance with previous studies in-
volving Asian subjects,6,16,17 the genotypes were
divided into two groups: (1) those only carrying
the short allele ( four repeats, n = 205), and (2)
those with at least one copy of the long allele (>
four repeats, n = 9).
The genotype frequencies of the DAT1 poly-
morphism were 14 (6.6%) with genotype 9/10, 192
(89.7%) with 10/10, and 8 (3.7%) with 10/11. The
number of subjects with non-10/10 repeats was
small. An increased level of DAT1 expression was
associated with the number of 10-repeats alleles,18
and the 10-repeats allele is reported to increase
DAT1 gene expression compared with the 7-, 9-,
and 11-repeats alleles.19 Therefore, we classified
the genotype of DAT1 into 10/10-repeats and
non-10/10-repeats groups.
The mean and SD values of the TCI dimension
for the DRD4 and DAT1 gene polymorphisms are
listed in Table 1. We found that the scores of HA,
NS, RD, and P did not differ significantly between
the DRD4 and DAT1 genotypes. Because only one
subject had the long-allele genotype of DRD4 and
non-10/10 repeats of DAT1, the interaction between
the DRD4 and DAT1 genes on personality traits
could not be analyzed further.
Table 1. TCI Personality Scores for Subject Groups According to the DRD4 and DAT1 Genotypes
Genotype N NS HA RD P
DRD4
S genotype 205 17.98 ± 7.18 16.82 ± 7.18 15.95 ± 3.77 4.07 ± 1.83
L genotype 9 20.00 ± 8.85 12.33 ± 8.14 14.78 ± 4.47 4.11 ± 1.36
p value 0.31 0.06 0.36 0.94
DAT1
Non-10/10 22 16.90 ± 4.42 17.90 ± 6.67 15.16 ± 4.55 4.04 ± 1.99
10/10 192 18.18 ± 5.81 16.70 ± 7.37 15.97 ± 3.64 4.01 ± 1.81
p value 0.35 0.46 0.35 0.95
Data are mean ± SD values.
NS, Novelty seeking; HA, Harm avoidance; RD, Reward dependence; P, Persistence; L, long allele; S, short allele; TCI, Temperament
and Character Inventory; DRD4, Dopamine Receptor D4 gene; DAT1, Dopamine Transporter gene 1.
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DISCUSSION
The present study represents a further investi-
gation into the role of polymorphisms of the
DRD4 and DAT1 genes in the modulation of per-
sonality traits, especially NS. We did not find any
association between the DRD4 gene polymor-
phism and personality traits of TCI. There is con-
troversy over the association between the long
allele of the polymorphic exon III repeat sequence
of DRD4 and personality traits, especially NS.
Cloninger2 initially postulated an association
between the personality dimension of NS and the
dopaminergic system localized in the limbic
system, and a relationship between DRD4 and NS
has received some support from previous studies;
6,16,20 however, other studies have found no signifi-
cant association.21
There are several possible explanations for the
conflicting results from studies that have investi-
gated the associations between the DRD4 gene
and personality traits. The studies have used sam-
ples that differ substantially in terms of gender
and age, both of which might affect personality
traits. Ethnicity is another important factor. The
distributions of the alleles of the DRD4 gene
varied greatly between populations, and the
genetic basis for the same personality trait might
also differ between populations. In fact, the distri-
bution of the allele of the DRD4 in this study (4
repeats 88% and 7 repeats 0%) is different from
those of the Caucasians (4 repeats 68% and 7
repeats 18%)22 or the Swedes (4 repeats 66% and
7 repeats 18%) but similar to those of the Asian
population such as the Japanese (4 repeats 84%
and 7 repeats 0%)
16
or other Koreans (4 repeats
82% and 7 repeats 1%)7 Considering this perspec-
tive, it will be is worthy to review the studies of
the Asian population who have similar genotype
distributions to Koreans. To date, one Korean
study has found an association between NS and
the DRD4 long allele in female subjects but not in
male subjects.7 We have also performed separate
analyses in men and women (data not shown),
but found no associations between the DRD4
genotype and any dimensions of TCI in either
male or female subjects. The subjects in the pre-
vious study were younger (age 13.87 ± 0.30 years)
than those in the present study, and the NS per-
sonality dimension is likely to diminish with age.
7,23 The subjects of the previous study who were
adolescents applied. Although the subjects of that
study were adolescents, they applied the adult
TCI rather than the junior version. The adult TCI
has not been validated for adolescents, and the
language used therein might not be suitable for
evaluating adolescents.24 These factors might
explain the discrepancies between their results
and those of the present study. Another Korean
study by Lee et al.25 also found no direct associa-
tion between NS and DRD4 48-bp VNTR. Several
other studies investigating the association be-
tween the DRD4 gene and personality traits have
been conducted with Japanese and Chinese popu-
lations, whose frequencies of DRD4 48-bp VNTRs
are similar to that of Koreans.6,16,17 Among these
studies, two Japanese studiesones found an asso-
ciation between the long allele of the DRD4 48-bp
VNTR and NS in female subjects.6,16 One of these
studies, however, only involved 69 female sub-
jects, which might be a small number to draw
definite conclusions.6 The subjects of the other
study were younger (age 18.7 ± 1.0 years) than
those in our study,16 and as mentioned above, NS
scores are negatively correlated with age.23 More-
over, other Japanese and Chinese studies did not
find any associations between the DRD4 gene and
personality traits.17
In this study, we also did not find any asso-
ciation between DAT1 gene polymorphism and
personality traits of the TCI. Sabol et al.11 found
that a low NS score was associated with the
nine- repeats allele of the DAT1, and Van Gestel
et al.26 reported that genotype 10/10 of DAT1
was more frequently associated with high NS
scores in females but not in males. However,
most other studies have not found such an
association.12 We do not know the exact causes
of these inconsistent results. Although there is
preliminary evidence that the DAT1 VNTR
polymorphism affects translation of the DAT1
protein,27 the results have varied between
studies. Some researchers found higher DAT1
gene expression in the 10-repeats allele than in
the 7-, 9-, and 11-repeats alleles,19 whereas others
have reported that gene expression is higher in
the 9-repeats allele than in the 10-repeats allele.
28
Moreover, Martinez et al.29 reported that the
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VNTR polymorphism of the DAT1 is not
associated with a significant change in the DAT1
phenotype in humans. Jonsson et al.30 also did
not find an association between DAT1 poly-
morphism and a major dopamine metabolite,
homovanillic acid, in cerebrospinal fluid. It ap-
pears that the distribution of the DAT1 VNTR
polymorphism is associated with ethnicity.31 The
frequency of the 10-repeats allele is higher in
Asian populations (as in the present study; 0.86-
0.94) than in Caucasian and Black populations
(0.59-0.79). These two factors may at least par-
tially explain the inconsistencies in the results of
previous studies. Although we found no associa-
tion between the DAT1 VNTR polymorphism
and NS, it would be inappropriate to conclude
that DAT1 is not related to NS. A more definite
conclusion requires elucidation of the effects of
allelic variation at DAT1 on DAT1 function or
expression.
Our study has some limitations. First, the popu-
lation studied was small, which may have re-
sulted in our failure to find any significant asso-
ciations due to the resultant limitations of statis-
tical power. Moreover, the long allele of DRD4
and non-10/10 genotype of DAT1 was extremely
rare in our study population, and this low fre-
quency might reduce the probability of detecting
any potential associations. Second, we could not
analyze the interaction between DRD4 and DAT1
on personality traits and did not consider epistatic
effects. However, one study recently found a
significant interaction between the DRD4 and
DAT1 genes in NS.
26
Lastly, we considered only
the effects of genetic factors on personality traits,
whereas there is evidence that personality is
affected by interaction of genes and environ-
ments.32 Therefore, further studies should investi-
gate the interplay between genes and environ-
ments from both biological and psychosocial
points of view.
In conclusion, we did not find any associations
between the DRD4 and DAT1 genes and perso-
nality traits. However, our findings need to be
replicated in larger independent samples, and
the combined effects of polymorphic variants of
genes on personality traits needs to be investi-
gated.
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